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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a rrfaanetoTe^is'tSiiice sensor element of a 
spin bubble type, where reading of magnetic recording information of ultrahigh 
density of 20 Gb/in2 in higher is enabled, and a manufacturing method of the 
sensor element. 

SOLUTION: A lower base substance layer 42, a seed layer 43, an anti 
ferromagnetic magnetizing direction fixing function layer 44, a layer 45 whose 
ferromagnetic magnetizing direction is to be fixed, an dia magnetic spacer 
l ayer 46, a ferromag netic fne^ layer 47 constituted of a super thin film layer 
(@oie?langfanlN ife layer, a TaO layer 48 and a first protective layer 49 
(NiCr), are i!lflinia J te^& on a lower shield 40. A pair of longitudinal bias layers 
76, formed of a ha rd magnetic material, are arranged from a surface of the 
ferromagnetic ffieHi layer 47 to side surfaces, so as to be in contact with 
respective side surfaces of the TaO layer 48 and the first protective layer 49. 
Conductive lead layers 78 are formed on the longitudinal bias layers 76, 
respectively. The TaO layer 48 and the first protective layer 49 function as 
mirror surface reflecting layers of conduction electrons. 
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/»#^^>y HcOTa5>— ;l-h*4 0 t±g?^-;UK6 
0<oraCieB$ilT^I>. «r*i4>TWv'- ^h'4 0^4 

h. £<OSVMR(4. ffiWc0^fh^Ji.(43 8nmcom 
JmBtSO^^-CV^. »«ffijt5 0(4Ta5S^14 

2 fc±g&att;i 5 2k OBIfcjR4*ir V^ft . TSBSWf 
4 2ttMitf»fl:r;P5-'>ATJBjSSit. *<01KW4 

3 3 n mT'J, h . ±35S^^ 5 2 JiWitfH t < IS^T 
;U5-^T*^$fL. -5-CDHJS(45 9nmT'ft-l» <> 

[0024] flffitt 5 0(4, &TmiZ% 1 ^TOJlt 
LT, 0IU(4NiCr4it(4Ni FeCrKWs'- 
K14 3T'S>2»„ ^£7)>—H®4 3c7)^i¥(44. 5nm 
~6. 5nnuWftL<, ££TUWilf5. 5nmf 
ft*. ^- VM4 3±(c(4, ^2^>TO)ii:tT, 

(4M n P t ( a& ■ -? y^fy ) -csr*raM8ttswt&i*i 

rfilEl^ffl® 4 4 OTO4 1 5 n m- 2 5 n mX'fc 0 , 
£ £t'(4^Jx(4*2 0 n m"Ct>h. R3$KttffltiMH^ 
ftfflB4 4±(;:l4. lg3iO««Si:UT. 0iJi.l4CoF 

*. l«BMdnWKl4 5iO!^J¥(41 . 5nm- 
2. 5nmT*0. ££"CJ4Witf2nmT**. 

[0025] 5SaH4SBE^|Sjaffl®i4 5±(c(4. SB4 
WBWlfcUT, WitfCu (M) ^^^iROttx^ 
—9-1 4 6 sWBjjt $ tlX V ^ I) . £ cr>W.W&X ^-VM 4 
6tf5MW42. 0nm~2. 2nmt'*0. ZZX'itM 
Z.K2 . 0 nmt»4 . ROtt^^— 9"Ji4 6<0±(C 
(4. m5<r>tt®J§blxmmyV-J847tfBf8.Ztl 

xm. zemfmyv-m47&, «mto. 5 nm 
3iaR<ojSfnea tcoFei) <o±t, sui^mtf 3 

nm-6nml', CoFeft 5»BB»«(ClS-&S tlfc N 

[00 26] ^«3$JStt7'J-«4 7±(C(4. H6«ff 
^flkLT, HI?0i]x(fO. 5nmOTaO 

m4&tfM$£1XX\^. ^<0TaOJf48(4. 

f>. TaOl4 8±(C(4, ^70^kLT. MitfN 



1 1 

l«miOffi^J14 9c7)^ff(il n m~ 3 n mX'fo 0 , 
[0 0 27] ^lc0ft^S4 912, Ta iOiiN i Cr 

fciomra-rfcawiLu. -e^g&kt Nicr 

{iS?€|5Sji:^* i ;^fcLT+^flS«g^fiii.-CV^. Ta 
0«4 8 £tfH 1 <0H 1 <DfiM4 9 ti£3i«^<^ 
BK&f/lfc IXmmi. diKciOT^SVMRcODr 

[0028] mam 5 ooMiifcii, &iate7 >j -i 

4 7^flffi#><i>fflffltoWT, H£Ta014 8i3j:tf 

ss i o«si4 9 tti?tL<vmmizmt&£ o iz-m 

±fctt ^tl^imW&cr) \) - YM 7 8 flT V * 

»^rxJB7 6ii. xr^ry^TM (abs) 

<&mk 3 mtzwm.7 u-®4 7^a^ifti^^ r 

(iSVMR-fe y-WTOEMSKg^S t O 

4 9 (caw 2 ?)«SJf 8 0 jWKftS tlXUh. 
[0 0 2 9] itf)"F»SVMR-fe>^*Ftf)h5'y^« 

6 (*4VH4U-HJI78) BK^^Sfcio-Cfti 
4. 02(ia«1fii5Ot^MMTXJl7 6^t 

<7) 2 mmismo-u^m® a u: «> 

[0030] *Hil^®OT^S VMR-tym^X' 
(i, !Mk^y^Jl48*Jj:tfNiCr*»4>!flr4ff51tf!) 

"9 , £ O&BiKitJIfc: i SfiWFtfJjtiHRSWG M R 

m^x^ymm^t t «, ic«$ug£j3Hb$ ( d r/ 

[00 3 1] Cl(7)T^SVMR-lry-»mTOi. 
flrfc, 3li8tt7 D -14 7 £ C o F e/N i F e^gtl 

«4 8*Jj:lXNi Cr*»^6fl51«)«ailB4 9tJ:») 

I. ffiitf c oFet ^izwmmmmz *) 
muz y u -mmimmtf&t>ti* tmtzi d^sl 

SVMR-fey?3W(2. J|(C, $A4T7JI 7 6**3$ 
$147 U-14 70affi*>4>{fflfflg|5^(CWC^Wt 



(7) #132001-29 19 1 5 

1 2 

[0032] ^m^commcosv MR-t y^m^tar 

c?>1ftklz£ OSSJt-TS ZttfX-Z h . -f&;b*>. TW^ 
-/HM 0±fcTH96*l4 2 ^|£U d^TSflgft 
Jl4 2±^NiCr^/o : 5r4>'-Kl4 3, MnPti* 
6£ 6^«tt»{fcfirflH£«UM 44, CoFeH 

X^— 9-JB 4 6 fci&fctft. Hfc. ^OMmttx^— 9- 

10 14 6±t. CoFe^Mii. ,I?)CoFeJlW& 
jMS^LfcN i F e«3&»4>*4»8tt7 'J-S4 7 Srjg 
fffi-Z. m^X. 3Stffitt7U-JS4 7±fcTaSSr^ 
tfcft. COTa«^kLTTaO«4 8t-r4„ & 
IYT. iOTa014 8±tCNiCr*^^rl.mi^ 

[0033] mz. mmmm5 o±izWFi%^tfui? 

20 BE {-i^y ■ \z-J* ■ x-yf-y^ - ) £tzl£x;*-y?x. 

•yf-y^Ci 0^1 OftSJl4 9i3c};l^TaOJl4 8. 
SgtCN i F ej&»&2r*3MBtt7 'J-S4 7«-»iT15 
6. S51 ^314 9^,1:^ a 

omAsn^y+y/mmz. n i Fe&ita <b^e 

[ 0 0 3 4 ] »V^f, X/t«y ? »J J: 0 . N i F 

e s±.iz$&mmm ( «r m n n i ( v y/fy ■ ^ 

•y^) „ MnPt (-?ytfy- S^) x I rMn (-f 
30 {fCoPt (a/<)Uh ■ &±) , CoPtC r (3/n';P 

h • ■ ;oa) ) itmzitx-ttffM'U 7xm 
7 6&m?i. z(om^Txm7 6<ommt. mm 

7 -S 4 7 OlS^E-* y h fc «fc oT^S^it^ . 
^V^T. |i|t<7./N o y^ l Jy^ffitJ:0. i^-fT^l 
7 6±t. WitfTa (5~1 Onm) , Au (&) 
(4 0~50nm) , Ta (5-10nm) <r>1&£ffik 

-rhz.uzs:*)mw&<n-Mm-Ym7 &z (-wm 
\,zm\ ix ) mm-h . ftmc n i c r*»^s^2 

<0ffia®8 0$:^LT, 2|s|lii^.^SVMR-ty 

40 

[ 0 0 3 5 ] -3ic7)||®i$-fToT, *^«S V 

?t. ^wBrmtaite^f. idtii. 5oosvmr 

(b. ) . 7 (He ) . (h 
e ) , (hk ) , v-hfita: <r s ) . m% 

ffiSHEfl* (Dr/r) *Jj:t^ffi*«R ( D r ) 

^. JtaxgT'^8tt7 'J-jfwa^^-^ y M4, 

^if3. 8nmONiFef{:ffi§tS. 
50 [0036] 
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(8) #^2 001-291915 

13 14 

can 





m m 


Bs 


He 


Ha 


Hk 


Rfi 


Dr/r 


Dr 


1 


CZB55/MP200/CoFe20/ 
Cu30/CoFe20/CZB50 


0.21 


2. 80 


56.9 


20.4 


15.3 


6. 75 


1.06 


2 


CZB65/MP200/CoFe20/ 
Cu30/CoreZO/OL/LZDoU 


0.12 


4. 01 


75.7 


19.4 


16.6 


7. 38 


L23 


3 


CZB55/MP200/CoFe20/ 

Cu30/CoFe20/Ta5/ 

0L/CZB50 


0. 18 


7. 66 


4. 90 


10.4 


15.3 


8. 00 


1.22 


4 


CZB55/MP200/CoFe20/ 
Cu30/CoFe3/NiFe32. 6/ 
Ta5/0L/Al20340 


0. 24 


9. 43 


6.00 


10.6 


14.4 


8. 43 


1.21 


5 


CZB55/MP200/CoFe20/ 
Cu20/CoFe3/NiFe32. 5/ 
Ta5/0L/CZB30 


0. 24 


6. 06 


6. 40 


5. 40 


18.4 


9. 32 


1. 72 



[0037] jjEoatcfev vc . mm M P 2 0 0 ti, 

PJ¥2 0 nm (2 00 A) OMn P t fl**l/t^S. 

*fc, OUiTiM («mjE»telQ«LfcJI) 
X-7T v is >y\,Zi. 0 Mt ttlM (fflUSC oFe OS 
^fcteTaO) . CZBttNiCrJI£*ivWi*l,T 20 

He , H« , Hk Olfflii;Wf4' (O 
e) TjfeS. B s <7)jji{i{±nWb (-^y^x-A) /c 

m* . R 3 Wg-mZCi (*-A) /cm' T-&l>. 
[ 0 0 3 8 ] Z Z X\ W& 1 {is JttSWi: tTc7)S*W 
5r««WTWSVMRflfiSTft6. ffi32U:. ffi&lO 
CoFel <5*«tt7>;-J|) SrT7X7T-/xy^ 
iOIMfcUCCoFeOfl (OL) fc-frS.** JdfcL 

(H e ) izmtxa. mmi, 2 

fcfcKVHteSLlTO*. ^3S3T'{i:, HJSO. 5 nm 
(5A) OTaOl*>'T7XvT-yvy^O|tiKita[$ 

3T14, CoFeJRJitfTaOWWRItWBIW- 
*.«JS5Ttt. N i Fe*^^|>7 , ;-il±CTaO 
MtfB&ZtlXii *) . Dr/rtD r jMftfcfcVVI 

*7t. -Itf>N i FetJit^TaOcOSlS-t-t? 
*3ft5"tti. He , Hk tfffiVMlT'&O, iC*l7'J-J|-. 
OSB^ttJr^bT^I.,, 40 

[00393 ffi&A<nxvvrt}V7ffimx\t. mmm 
axvN i c rm^^h^ziih^^im^htz 

#>£.ttmZtltzl>0>X°&&. 3*, £*>UI3i4"tli, & 

1 OGMtfN i C rTJi&OUS 4 nmOA 1 2 
O3 (iMfc7A'5-?A) flBt4Ttt, D r/ 

H48. 4 3%T* 1 ), «ii5*>9. 32%bVcMcth 
b$}l%i&^mb%'>X^&. ^Ji5c7)He fc*U*tt 
£#*fctf>tt, 1fjt5c7)Cul (X^— fl) #2nm 
(20A) T*&l>Wt*fLT. «tii3, 4cr>CulU*50 



tf§) X'it. HJS£r3nm (30 A) fc-fS^** 

[0040] JJLh*>tSJfta><<> . N i F e X 

tW^TTSitfcO^Ttt. nmffi&5<?)£o^ Ta 

omt n i c rmtcr>m?>-&b-£iimm%Mz$Ltz j it 

nWStmiZ&WX . MnPt (MP) ££9HKt£tm 

k utwii/o***, zmmsm (ftffltt) 

ffi»U;#SffifclK (Kamiguchi t, ) fcEHSfiTHS I 
rMnX^mtlX^ZtiZXl. 

[0041] mix. *9m<mmv>x vy^ymm 

tt. m&HmXKl (Kamiguchi t>) fcfEttSttO^ 

SffiJStit^. CoFe/NiFe^)2IIi»tt 

#ttS:WLTV^. c o F e W*£fiJfflLfc«Ji 
•fe>*<^c5ettfc:Rlfil#»4>ii*. lot. -iSoai 
ffijtl~5O0*>T'{4, !!UHft&5 <■«:*>■&, H1K 

[0042] vxkMfcmm&xvmsmzmf x*% 
izmfezti&i>cr>?tt%<. n*$m*imxb&. mi 

[0043] 

[0044]*^. x&wnw&mK* >vm?<?mM. 



r 



(9) 

1 5 

[in i ^mco-mmnmmiz^T^x^y^iuy 
mommm* yt(svMR) coxr^r >j yvm 
( a b s ) omwffijsmx'h h , 

l m 2 ] m 1 fc* Lfc S V M Rtf)5SHI«0>ifc*0T& 
I). 

[H3 ] Mtmt ixnimzvy'to-Tmnmustt, 



^2 00 1-29 191 5 
1 6 

Hs >-if<oxr<T y y rm ( a b s > (rmwmmx-h 

4 0-TWi'-JH*, 4 2-TaHWML 4 3-y-H 

!Ktt7y-Jl. 48-TaOI, 4 9-81 
50-ai^ji, 78-y-H 



31] 



80 78 76 A 



ftSB 

(NiCr) TaO® 
48 48 



"1 k ; ? < X 




v S v <ptt 




/ < / 



ZZ3 




60 ±»'A-*r 
52 ±g?£fcs 

•47 5*ato'HB(CdV 
NiFe) 

46 ftttttK -f JB (Cu) 

■45 aattaft^ra 

f @£S (CoFo) 
■44 &3BttBft:;&A 

■43 '/-KECNiCr) 

•42 rasa*® 

•40 TttW 



[02] 



♦wrs 80 



Wn'mffl 76 





\ \ \ 



33] 



20< 



ttlft^g 17 
BHWM 16 
MttttHB 14 




30 ±*JrJ,K fS 

24 _hffil26*ja 

26 y-KJB 

25 In'mi 

12 tsskb 
10 TtfHU* 



(si)int. ci. 7 mmm f i <##> 

H0 1L 43/12 G0 1R 33/06 R 



(10) 



1#f!2 0 0 1-2 9 1 9 1 5 



94538 WtU — Xhl>- 
39663 TVN'-h 408 

(72>»#i A$Y* 0 

94539 ^ktyh ^-fsyf- r<- 

a- 39757 



(72)#$» 55i^ S 

95130 -^y^'a-fe YvA7 
2433 

C72)##* ft 

94566 ru— ffyhy ttS/THrJl 
6234 

(72)^BJ# £*g A»T 

7^U4ftiffl # 'J 7 *^-7:(N 
94539 3 A 

43305 



